I study the aggregate implications of the entry of Multinational Firms (MNFs) in a two country Dynamic Stochastic General Equilibrium model in which firms have heterogeneous productivity in the sense of Ghironi and Melitz (2005) . Unlike the extant open economy macroeconomics literature, this model endogenizes both multinational production and exports as possible strategies of internationalization of production, a feature that substantially improves the match between model-simulated moments and business cycle data along two dimensions. First, once I allow for concurrent entry (and exit) of MNFs and exporters over the business cycle, the consumptionoutput anomaly disappears and I can successfully replicate the ranking of cross-country correlations of output and consumption found in the data. Second, I show that the model with heterogeneous MNFs is capable of bringing the simulated volatility of the Real Exchange Rate much closer to the data than previous models with either representative or heterogeneous exporters.
Introduction
The international organization of production is remarkably different today from what it looked like just fifteen or twenty years ago, with the formidable growth of Foreign Direct Investment (FDI) 1 standing out both in data and anecdotal evidence. In terms of growth rates, FDI flows and foreign sales have surpassed international trade and output since the late 1980s, accelerating sharply in the 1990s and 2000s to the extent that such a mode of delivering goods and services abroad has become quantitatively more important than trade (Table 1, Figure 1 and 2 ). Yet, somewhat surprisingly, these developments have received little attention in open economy macroeconomic theory and existing research has not discussed whether the explicit consideration of FDI has the potential of changing the properties of its workhorse models. In this paper, I focus on the role of FDI in altering the transmission of shocks across countries by studying the aggregate implications of firm level heterogeneity in a two country world where firms can engage in FDI in addition to exporting. To do so, I develop a micro-founded Dynamic Stochastic General Equilibrium (DSGE) model of international macroeconomic dynamics where firms have heterogeneous productivity as formulated in Melitz (2003) . Unlike the existing open economy macroeconomic literature, this model endogenizes both FDI and exports as possible modes of accessing foreign markets, a feature that improves substantially the match between model-simulated moments and business cycle data along two dimensions. First, once I allow for concurrent entry (and exit) of MNFs and exporters over the business cycle, the consumption-output anomaly 2 originally brought to light in Backus, Kehoe, and Kydland (1992) disappears and I can successfully replicate the ranking of cross-country correlations of output and consumption that more traditional models of international co-movement cannot account for. Second, I show that the model with heterogeneous MNFs is capable of bringing the simulated volatility of the Real Exchange Rate much closer to the data than previous models with either representative or heterogeneous exporters (Ghironi and Melitz, 2005) . Intuitively, this happens because when MNFs locate production in different destination markets, they diversify 1 According to the I.M.F.-O.E.C.D. Benchmark definition "FDI reflects the objective of obtaining a lasting interest by a resident entity in one economy (direct investor) in an entity resident in an economy other than that of the investor direct investment enterprise. The lasting interest implies the existence of a long-term relationship between the direct investor and the enterprise and a significant degree of influence on the management of the enterprise. Direct investment involves both the initial transaction between the two entities and all subsequent capital transactions between them and among affiliated enterprises, both incorporated and unincorporated." FDI is recorded in the Financial Account of the Balance of Payments of a country. 2 In theoretical economies, output is less correlated across countries than is consumption while the data show the opposite. production risks stemming from local market conditions, in a way that weakens the transmission of shocks across countries but increases price dispersion, and therefore the volatility of the aggregate price indexes.
The quantitative importance of FDI is evident from aggregate data on international commerce.
In 2005, global sales by MNFs reached USD 22 trillion, compared with world exports of USD 12 trillion (Table 1 for Economic theory has offered limited predictions as to how the dynamics of the economy at the aggregate level affect the behavior of MNFs, or are influenced by the existence of FDI (Hanson and Slaughter, 2004) . However, an infant empirical research has started looking into the issue, using primarily firm-level data. Buch and Lipponer (2005) measure the role of long-term fundamentals as opposed to short-term business cycle developments in driving outward German investment and find that the host countries' business cycle dynamics have a statistically significant impact on MNFs entry and sales. Desai and Foley (2006) show that the co-movement of value added, returns and capital investment between US MNFs and their affiliates is higher than the comovement between aggregate variables of the home and host countries. The Comment by Campa (2006) , however, highlights that it is difficult to interpret the sources and implications of these correlations without having a model that is able to provide a theoretical framework of analysis and a quantitative benchmark.
Hence, I adopt Campa's (2006) suggestion and build my argument using a novel approach to model firm dynamics proposed by Ghironi and Melitz (2005) , and Bergin, Glick and Taylor (2005) , that introduce the type of heterogeneity originally analyzed in the trade literature in a micro-founded DSGE approach to the open economy. International trade research has shown that not all firms within an economy or an industry exports or engage in FDI, nor are internationally engaged businesses a random subset of the population (Helpman, 2006 and references therein) 3 .
Rather, the relatively small subset of firms that become exporters or multinationals includes the most productive firms of each sector 4 . Therefore, the argument presented in this paper rests on the following two premises: (1) firms are heterogeneous within the same sector and (2) all goods are tradable (but not necessarily traded) and can be produced by foreign affiliates. These assumptions allow me to pin down endogenously the size and the composition of the population of exporters and MNFs so that, in and out of equilibrium, firms that engage in FDI, exporters and local firms can coexist within the same sector, but, over time, respond differently to changes in the domestic and foreign business conditions. Consistent with microeconomic evidence for flows across industrial countries (Swenson, 2005) , I treat FDI sales as a potential alternative to exports (thus, horizontal 5 ), in a fashion similar to Brainard (1997) and Helpman et. al. (2004) , with the important distinctions that I model FDI in general equilibrium. By adopting a general equilibrium approach, I can show that firms decisions regarding entry, exit and pricing produce substantial dynamic effects on the labor markets of the two countries that, in turn, feed back into the decisions of firms and consumers at subsequent points in time.
I show that foreign demand, relative labor costs, productivity and policy variables are the main factors that trigger FDI entry and expand foreign sales over the business cycle. The introduction of FDI under firm heterogeneity reduces the positive correlation between a country's business cycle and its imports (exports sales for foreign countries), creating a wedge that provides an additional theoretical explanation to the evidence of a lack of increase in measures of international co-movement observed after the late 1980s uncovered in Heathcote and Perri (2004) and Doyle and Faust (2005) . In this paper, this is consistent with the case in which a Home increase in demand increases imports less than it increases domestic sales of foreign MNFs and induces entry of new foreign MNFs at the extensive margin of FDI.
As for relative prices, I show that the existence of FDI in a two country model adds a substantial non-traded component to the output of the host economy, and because MNFs segment production and price-discriminate across countries, the substitution of exports with non-traded overseas sales magnifies the dispersion of prices, the volatility of price indexes and ultimately of the RER. My findings echo the role that Alessandria (2005) attributes to consumer search frictions in breaking the law of one price. Moreover, the analytical results of the model allow me to discuss how FDI sales and entry can modify the predictions of the Harrod-Balassa-Samuelson effect 6 (HBS) and help explain the weak empirical confirmation it has received (Sarno and Taylor, 2002) . The partial substitution of trade with FDI sales modifies the implications of the HBS effect to the extent that MNFs turn some traded goods into de facto non-traded (local) goods. By doing so, they can contribute to an increase of the average productivity of the non-traded sector and counter-balance the HBS effect. From this perspective, my research relates to recent work by that shows how the HBS effect has emerged only in post-war data and re-inforced over the decades of the second half of the 20th century, suggesting that far from being a universal constant it tends to show time-varying features, linked to the endogenous tradability of goods and services. My results also suggest a potential explanation for the difference in national price levels between countries with a similar level of income (Broda, 2006) due to the different penetration of foreign firms and the exposure to foreign competition. questions. The focus of the first two papers is the relationship between nominal exchange rates and MNFs entry in general equilbrium. Russ (2006) uncovers the mechanism through which the exchange rate and FDI sales are jointly determined in a monetary model of FDI with price rigidity, and shows that a MNF's response to increases in exchange rate volatility is ambiguos and differs depending on the source of the volatility. In a similar monetary model of FDI, Lubik and Russ (2006) suggest that MNFs pricing can offer a partial explanation to the exchange rate disconnect puzzle as it tends to make the nominal exchange rate more volatile than relative consumption.
In their paper, the nominal ER works as a clearing mechanism to balance the net repatriation of profits across countries, although data show that these flows tend to be less important than trade flows for most industrial countries (Hanson and Slaughter, 2004 and Table 2 in the appendix). . This section describes the maximization problems of consumers and producers and explains how their outcomes are embedded into the general equilibrium structure of the economies.
Consumption
Preferences are identical across countries and consumers solve both an intertemporal and an intratemporal optimization problem.
Intertemporal problem. On date t, the Home representative consumer maximizes the lifetime expected utility subject to the intertemporal budget constraint max {, , } per-period consumption must be equal to labor income summed to the profits yielded by domestic firms, minus the investment cost of financing new firms. Net of domestic bond trading, the equation can be interpreted as describing the national accounts of an autarkic economy where spending (consumption,   plus investment to finance new ventures, e     ) must be equal to labor income     plus dividends e     . In this case, consumers can trade consumption intertemporally by buying and selling domestic bonds and shares of the mutual fund, so that the solution of the maximization problem yields two Euler equations for bond and for share holdings
Notice that the inter-temporal discount factor  is reduced by a component  that captures the probability of firms' death discussed in section 2.3. In the case of bond trading, there are two equations for bond holdings, one for each bond, as discussed in the appendix.
Intratemporal problem. In each period consumption takes place over a continuum of
where   1 is the symmetric constant elasticity of substitution across goods. As usual in the C.E.S. demand system, the demand for a single variety is
−   and the expenditure on an individual good is proportional to total expenditure. Analogous optimization problem, resource constraints, Euler equations, price aggregators and demand system can be defined for the Foreign economy.
Production
On the production side, each variety is produced by a different entrepreneur under increasing returns to scale with a fixed cost and constant but heterogeneous marginal cost of the single factor of production, labor. Not only is the output of each manufacturer influenced by aggregate (or common across firms) productivity   , but also by an idiosyncratic (relative) productivity parameter  that enters a generic cost function as follows 11 :
is the total labor requirement needed to produce a quantity   () of output. Notice that   is common for all firms and changes over time, while  is firm specific and time invariant. This cost function implies that productivity differences across products translate into differences in the marginal cost of production. The latter is measured in units of consumption good and equals     where   is the real wage     . Firm level heterogeneity is a key ingredient of this model as it plays a role in determining firm entry at the domestic level and the extent of their global engagement as described in the next two sections.
Domestic Entry and Exit
Consider the Home country. In each period, a mass of potential entrants decides whether to enter production. The timing of entry is depicted in Figure 3 .
Before entering production of a specific variety, each entrepreneur faces a sunk entry cost of   effective labor units equal to       units of the home consumption good. Upon entry, he draws the idiosyncratic relative productivity level  from a time-invariant distribution (), common across firms and identical across countries. Each of the   new entrants in t, becomes one of the  +1 producers only in t+1 (), with a one period time-to-build. The manufacturer of each variety maintains its relative productivity until it exits the market, namely until it is hit by a "death" shock, an event that occurs with probability  in every period, including the very first t when the entrepreneur draws the productivity parameter. Thus, the exit of firms/varieties is independent of the productivity level. Thus, in each period, the number of producers is equal to the number of survivors from the pool of firms existing in the previous period, i.e. established producers and new entrants:
I assume that entrepreneurs are forward looking and have perfect information on the structure of the economy; under this assumption expected profits are exactly the realized average profit, 11 See Appendix.
Potential entrants evaluate their expected post-entry value with the present discounted value of the expected stream of future profits {e
equal to the average value after entry and production 12 . The Free Entry Condition requires that the firm value is equalized with the entry cost
[ Figure 3 ]
In every period, a group of domestic producers (indexed by D) produces and sells domestically, each determining the optimal price   () for the variety  by maximizing the profit function
that has solution   () =     where  =  − 1 is the mark-up over marginal cost. Notice that firms with higher marginal cost 1  charge lower prices and one can easily show that higher productivity also implies larger sales, revenues and profit, a result due to Melitz (2003).
Global engagement
In any t, each Home producer sells in the domestic market and possibly expands to the foreign market, choosing between two alternative business strategies: exports (a strategy indexed by X) or sales through foreign affiliates (a strategy indexed by I) 13 . Hence, exporters produce only domestically but sell both domestically and in the foreign country while MNFs establish a foreign production unit to produce and sell in the foreign market in addition to produce and sell domestically 14 . Each of these strategies implies a different structure of costs.
In order to be able to export, firms have to pay a fixed cost of exporting in every period, equal to       units of the Home consumption good, and face variable costs in the form of an iceberg 12 Notice that agents use the stochastic discount factor modified to take into account the probability of firms' exit, that affect expected future profits, in a fashion similar to a model in which consumers have finite lifetime and an exogenously given probability of death. 13 I use the same structure as Helpman, Melitz and Yeaple (2004) . A more complex set-up is Grossman, Helpman,
and Szeidl (2004), who examine integration strategies of MNFs allowed to chooce among a larger set of choices to internationally organize their vertically fragmented production.
14 I assume that goods produced abroad by I companies cannot be re-exported to the Home country.
trade cost   ≥ 1. In order to establish a multinational network, manufacturers have to hire foreign labor (paid at a foreign wage rate). FDI entails a higher fixed cost of   labor units in every period, equal to  *   *   *  units of the Foreign consumption good, but allows firms to save in trade costs. Notice that the decision to become exporters or open overseas affiliates is taken in any period, as   and   are per-period fixed costs, while the decision to enter is taken only once, as   is a once-and-for-all sunk cost.
As for foreign sales, Home firms set the optimal price in the currency of destination of the good by solving the following maximization problems that differ depending on the business strategy:
Π  where
For exporters, prices denominated in foreign currency are converted using the nominal exchange rate   . The labor hired in the Home country for export production is paid a nominal effective wage rate     . FDI companies determine the optimal price in the foreign currency, hire workers and pay salaries at the Foreign nominal effective wage rate  *   *  , and maximize operating profits converting both revenues and costs in domestic currency at the nominal exchange rate   .
Optimal prices for each strategy are 15
Hence, while Home customers are always charged a price   (), foreign customers are charged either   () or   () depending on the choice between becoming an exporter or setting up a foreign production plant for the variety. There are several differences in the optimal price charged by exporters and FDI firms. Exporters incur the iceberg cost that increases their marginal cost, incorporate the exchange rate, and price at a mark-up over domestic effective wages. FDI firms set prices independently of the exchange rate, and price at a mark-up over foreign effective wages.
The coexistence of heterogeneous marginal costs and sunk costs of exporting or engaging in FDI is key to predicting self-selection of the most productive firms into different business strategies (Exports vs. FDI trade-off). Since higher productivity implies higher operating profits, at any point in time only the most productive firms can amortize the fixed costs and make non-negative total profits, a point that can be understood easily graphically. Consider Figure 3 where I have 15 See Appendix.
drawn profits for each segment of business as a function of idiosyncratic productivity levels (top graph) and the partition of the productivity distribution according to firms' business strategies based on own productivity (bottom graph of figure 3 ).
The bottom graph in Figure 4 is derived by identifying the cut-off points in the top graph. Take the   () curve on the latter (subscript omitted): for low levels of productivity, firms cannot break even and make the non-negative profits necessary to compensate the fixed cost of entry measured in
of the fixed cost of entry. However, any firm with     at time t is a profitable business entity as far as production for the domestic market is concerned. Firms with a very high productivity     earn profits high enough to allow them to compensate the fixed cost of investing abroad
. Firms for which idiosyncratic productivity is        earn profits that are high enough only to cover the fixed cost of exporting (      ) but not large enough to cover  *   *   *  and produce overseas. Given the level of trade costs   (that reduces the slope of the profit curve of exporters) and the fixed cost   , this intermediate range of firms finds exporting more profitable than investing abroad. The bottom graph shows how cut-off points determine the partition of producers into firms that sell only domestically (only D), firms that export (X) and firms that engage in FDI (I) at any point in time. When cut-off point move as a response to business conditions or policy changes (such as reduction of fixed or trade costs), the share of firms engaged in each mode of business changes accordingly at the extensive margin and each individual firmsexperiences changes in its per unit sales at the intensive margin. Notice that underlying the structure of the international production I assume an implicit ranking of productivity, by which firms that engage in FDI are more productive than exporters and exporters are in turn more productive than companies that sell only domestically in a fashion similar to Helpman, Melitz and Yeaple (2004) . This assumption is easily justified considering that the superior productivity of MNFs at the basis of most theories of FDI has found strong support in studies based on firm-level data, such as Criscuolo and Martin (2005).
To summarize, at any point in time the there are three groups of Home firms:   Home firms produce and sell in the Home market,   of these firms produce at Home and sell in Foreign and   of the Home firms produce and sell in the Foreign country. As the composition of expenditure in each country, it is useful to define
as the share of Home expenditure in domestic goods, on imported goods, and on goods produced in Home by Foreign MNFs ( *  ,  *  , and  *  are defined analogously). To be consistent with the data, my model will be calibrated with the empiral observation that the largest share of the expenditure of Foreign ( *  ) is allocated to  *  producers, and smaller shares go to imports provided by   Home exporters ( *  ) and to the sales of   Foreign affiliates of Home MNFs ( *  ). Symmetric definitions apply to the partition of firms and the composition of expenditure in the Foreign economy.
Total profits
To see how profits feed back into the budget constraint defined earlier, notice that the price for each variety  and optimal profits, relative to the price index of the market of destination can be expressed as follows:
Associated with these optimal prices I can define optimal profits for each segment, relative to the price index of the market of location of the mother company, as
where   =    *    is the RER. Combined profits from the two markets, imply that average profit of Home firms are
This break-down mirrors the fact that out of a total mass of firms   producing domestically in every period in each country, there are a total of
  exporters and of
Productivity averages are defined as in Melitz (2003) but I consider separately the average idiosyncratic productivity of firms who produce and sell in Home (e   ), of those that sell domestically and export (e   )  of those that sell domestically and engage in FDI (e   ), and of local firms (e   )
The weights of the averages are proportional to relative firm output shares, and summarize all the relevant information on the productivity distribution, as shown in Melitz (2003) 16 . By defining
, and e   ≡   (e   ), the total profits earned by the average firm in home can be written as e
Following the trade literature, I assume that relative productivity parameter  is drawn from a Pareto distribution 17 with lower bound  min and shape parameter  greater than  − 1. Therefore,
productivity, the geometric averages defined above become (see Appendix):
To determine the extensive margin of export, I identify the marginal firm whose productivity level is such that her operating profits are equal to the fixed cost of exporting. I define such a productivity level   as the cut-off for the exports segment:
Analogously, for the FDI segment, I can identify the firm that has productivity   , i.e. the firm for which operating profits are equal to the fixed cost of FDI entry and I define such productivity level as the cut-off for the FDI segment:
16 The are weighted averages of the productivity levels and are independent of the number of firms while the weights reflect the relativive output shares of firms with different productivity levels. 17 The Pareto distribution of the productivity parameter implies that the distribution of sales is also a Pareto.
Notice that in this case the sunk cost is paid at the Foreign effective wage rate  *  * . Using the cut-off point (  and   ), I can obtain closed form solutions for the average productivity of exported production and FDI sales (e   and e   ) and the average profits from exports 18
equal to the relative effective labor cost 19 .
3 Analytical Results
Determinants of foreign sales
In order to discuss the determinants of revenues, costs and profits from foreign activities I define the extensive margin, the composition margin and the scale margin, in a fashion similar to Yeaple 
The following relationships between the key exogenous variables in columns and the three margins defined above can be derived from the model:
The model predicts that when the number of affiliates increases, the average productivity across   decreases because new entrants have productivity below the pre-entry cut-off point   . Hence, the extensive margin (number of MNFs) is negatively correlated with the composition margin (average productivity of MNFs), a result for which Yeaple (2006) finds evidence based on US micro data, and that will be a feature of my dynamic analysis.
As for exports, using average relative productivity e   and the relative number of exporters
The model predicts that when the number of exporters increases, the average productivity across   can increase or decrease depending on whether the increase in the number of exporters is due to exit from multinational activity or entry of new exporters. In this case, the former MNFs that return to exports have higher productivity than the average exporter, but new exporters have lower. Hence, the extensive margin (number of exporters) can be positively or negatively correlated with the composition margin (average productivity of exporters). The relationship between the various exogenous variables and the three margins of exports are as follows.
Price Indexes and Real Exchange Rate
Following a line of reasoning similar to the one that I used for average productivity, I can define average prices for different market segments:
and re-write the price indexes as
Thus, in each country the domestic price index reflects the numbers of varieties and the average prices for domestic goods sold domestically by domestic producers, for goods produced abroad by foreign producers and goods produced domestically by foreign firms through FDI, both of them sold in the domestic market. By dividing through the price indexes (  and  *  , respectively), and recalling that
 *  as the steady state spending on domestic goods, on goods imported from abroad, and on goods produced domestically by MNFs, I
re-write each price index in terms of expenditure shares 1 =   +  +  and 1 =  *  + *  + *  . In other words, I can think of the amount of goods produced domestically as a combination of goods produced by relatively inefficient domestic producers and relatively efficient foreign investors, where the productivity level of each category is reflected explicitly in lower and higher price indexes for the subset of goods, and (implicitly) in their number and size.
The welfare based price indexes (  and  *  ) can be used to define the welfare-based RER   and its CPI-based transformation   that discounts the variety effect and is conceptually closer to the way official statistics report the RER (see Appendix).
The welfare-based RER defined as   ≡    *     is equal to:
If home effective labor appreciates (    ↑) then the terms of labor decrease (   ↓ ), and the Home economy as a whole becomes a less attractive location. The way one should think about the terms of labor is that if     1 a firm with a given level of idiosyncratic productivity  can produce at lower cost in the Home country than in the Foreign. The RER   constructed using the CPI index (see Appendix) is log-linearized as firms into the Home market (endogenous entry) due to lower FDI cut-off points, can reduce the average productivity of foreign FDI firms located in Home, and increase the domestic price index as the entrants charge higher prices. Thus, the home price index increases and the RER appreciates
Changes in the relative prices of traded goods:
• Exogenous trade policy changes As can be observed in the bottom graph in Figure 4 , an asymmetric technological shock that induces Home firms to start exporting also attracts Foreign MNFs into the Home market at the extensive margin of Foreign FDI. Because some foreign producers substitute Foreign exports with sales of Foreign MNFs' affiliates in Home, this decreases the average productivity of exporters abroad ( b e    0), counterbalancing the depreciation of the RER, through a price effect (average prices of Foreign exporters are now higher). Therefore, the net effect of endogenous tradability on the RER depends on the relative importance of these changes in the composition of the export sectors in the two countries.
Expenditure Switching
is negative, as it reflects the difference between the market expenditure share of Home firms and the relative share of these firms/products in the totala expenditure as the relative number of D firms is high compared the share of expenditure they capture (numerous small firms with relatively small sales per-capita ). It is an implicit indicator of the average productivity difference between domestic and foreign producers, and it is negative under the assumptions on the productivity distribution and the fixed entry costs that I have made in this paper. When the number of domestic firms   increases slower than the number of Foreign exporters to the Home market  *  then the aggregate price of consumption at Home decreases and the RER depreciates. Mode of entry switching +
is positive here, because the number of MNFs out of the total number of firms selling in the domestic economy is smaller than their market share, due to their relatively higher productivity that maps onto lower prices and larger per-capita sales. For lower     MNFs entry into home increases, because of lower effective labor cost, the number of Home exporters increase and importers decrease. At the same time, Home affiliates of Foreign MNFs increase and overseas branches of Home MNFs decrease, so that the net effect depends on whether b
is positive or negative. If the sum of these log deviations is positive, then   increases and the Home RER depreciates.
Therefore, the terms that I have labeled as endogenous tradeability, expenditure switching and mode of entry switching can have positive or negative impacts on the RER depending on the relative shares of D, X and I firms in the population of firms selling in each country (extensive margin) and the of average productivity and prices they charge (composition margin) on the aggregate price indexes. This is a theoretical result that would suggest the possibility of an anti-HBS effect, if the sum of the ambiguous contributions to the appreciation or depreciation of the RER exchange rage managed to counterbalance the effect of the non-ambiguous effect of relative labor costs and endogenous MNFs entry. In the simulations I have carried out, the existence of MNFs reinforces the HBS effect, because of its substantial impact on the terms of labor, that dominates the determination of the RER in a traditional fashion. However, the analytical result suggests that empirical work trying to measure the HBS without controlling for the presence and entry of MNFs , might lead to biased inference. 
Current Account and Terms of Trade
where the first two terms are the Trade Balance (Exports minus Imports), and the remaining terms are the Net Income Receipts (Net repatriation of MNFs profits and Net Interest Payment). Hence, in general equilibrium, the RER can be seen as adjusting the Current Account as follows:
To have an idea of the relative magnitude of these quantities in the US Current Account for 2005 consider that the difference between Exports and Imports (USD 1,275 billion and USD 1.991 billion) generated a negative Trade Balance for 716 billion dollars, while the Net Repatriation of Profits was positive and equal to USD 134 billion, as receipts were USD 251 and payments were USD 117.
Finally, receipts and payments on public and private bonds, where approximately USD 340 billion and USD 219 billion. See Table A3 in the Appendix for details.
Terms of trade (TOT).
The terms of trade for a given country is the ratio of the price index for exported goods (e   ) to the price index for imported goods (e  *  ). As export prices arise endogenously, the terms of trade of the Home economy are also endogenously determined and can be expressed as
where average Home exports prices are compared to average Home imports prices in units of the Home currency 21 . One can think of these import and export price indices as trade-weighted indices of the prices of goods actually traded with that country's trading partners. Higher ]    implies an improvement of home's average terms of trade, i.e. the price of exports increases relative to the price of imports. This can happen in the cases of a decrease of Home labor cost relative to Foreign (    0), an increase of trade costs faced by Home exporters, or a decrease of offsetting entry in the Financial Account. Unilateral Transfers include net compensation of employees. 21 Also, ]    =   e   e  *  . Notice that the price of imports needs to be defined in term of the Home currency, so that at the denominator we have e  *    , and not e  *  .
domestic productivity the last two events implying changes at the composition margin, with the new exporters being relatively less productive and thus charging relative higher prices. 
Non-Traded/Traded Price Ratio (NTT). The Non-Traded to Traded Price ratio is
Average productivity of Home producers. I define the average productivity in the Home economy as the weighted average of the productivity of domestic firms and Foreign MNFs in the Home economy.
The average productivity of Home firms e   is conditioned by the way the parameters of the Pareto distribution interact with the aggregate variables. Entry of MNFs increases the weight  *   ³   +  * ´b ut also lowers the average productivity of Foreign affiliates located in Home, hence the joint influence of these two effects determines the impact of MNFs entry on average Home productivity. Hence, on top of the volume and value effects on exports and FDI sales, the composition of exporters and FDI firms plays a key role in affecting the dynamics of productivity growth in the destination country. Therefore, in a DSGE framework technology transfer within multinational networks becomes a potential channel of cross-country correlation of productivity changes.
Because only firms that own superior technology engage in FDI, entry into the host economy is accompanied by a transfer of technology which alters the average productivity of the host economy, through changes at the extensive and the intensive margin of the FDI sector. At the intensive margin, when overseas branches increase production and sales, the average productivity of the host country increases because MNFs' affiliates have higher productivity than local competitors. At the extensive margin, however, the marginal impact of the new FDI entrants reduces the contribution of FDI to the growth rate of productivity of the host country because the late entrants have lower productivity compared to the existing foreign owned plants 22 . If entry barriers are lowered, then 22 Yeaple (2006) percent which is high for a standard monopolistic competition structure but not as high once one considers the existence of fixed costs to production. These costs, along with the trade cost  are set in order to replicate stylized facts for the US economy namely the ratio of exporters and FDI firms to producers.
The steady state levels of the variables are listed in Table 3 . The ratio of new to existing
is calibrated using a death shock parameter  = 0025 and is smaller than the ratio of job destruction for U.S. (10 percent), which is computed based on possibly multiproduct firms. The share of domestic and FDI producers over the total number of firms depends on the fixed cost of FDI (  ) that I assume to be about 28 percent of the annualized fixed cost of entering production of a new variety Θ  = 0036, the per year fixed cost to export   = 00045 is approximately 10% of Θ   Even experimenting with different levels of fixed costs, the model is quite robust to changes in these parameters, except for the fact that the linear rational expectations solution is indeterminate for very low and very large fixed cost.
In steady state, the relative number of firms is as reported in Table 3 . Therefore, Home sales of goods produced by domestic firms and foreign MNFs reach 66 percent of total varieties, while imported varieties account for 34 percent of the total number. Imports take up about 13 percent of total expenditure with the remaining 55 percent going to domestic producers and 32 percent going to Foreign MNFs located in the Home country. In order to compare the model with US data, consider that about 20 percent of US plants export, a lower bound considering that some of these plants are multiproduct.
The ranking of productivity averages depends on the cut-off points. The average firm in each economy has productivity 86 percent higher than the most inefficient non-exiter, but the average local firm (selling only domestically), is only 18 percent more efficient than the firm with   . The average exporter is about 40 percent more productive then the average local firm. As for FDI firms, the cut-off   makes the least productive MNF approximately 10 percent more productive than the average exporter in the economy, a figure that is in line with Helpman et al. (2004) . Because there is a negative relationship between idiosyncratic prices and productivity, the average price rankings are exactly reversed, with relatively inefficient local producers charging relatively higher prices. Finally, the share of expenditure of FDI firms (  ) is higher than the relative number of FDI firms     , because MNFs have larger per-capita sales than local producers or importers. Because each of these segments of business puts pressure on labor demand (remember that labor is used both for entry and production), excess labor demand triggers a wage spike in home and a more moderate wage increase in Foreign, whose overall effect is to worsen the terms of labor
Impulse Responses
The increase of the foreign wages reduces profit opportunities for home MNFs (  ) that in turn cause exit at the extensive margin of Home FDI.
The average idiosyncratic productivity of different segments of business move in opposite directions, as improved aggregate productivity increases the profit opportunities for firms that were staying out, under the previous productivity level. However, despite the fact that the cut-off levels  min ,   ,  *  , and  * /  fall, average idiosyncratic productivity of Home and Foreign exporters (e   and e  *  ) can fall or rise depending on the parametrization of the model. Looking at aggregate variables, the productivity shock causes a growth of Home consumption and income that increases imports ( ). In Foreign, consumption first drops because part of the output is used to finance entry of Foreign Exporters but immediately turns positive as export growth pushes income up and profits from foreign operations increase. Foreign Exports to Home increase ( ) more than imports () so the trade balance ( ) turns positive (negative for Home).
The RER   -based on the welfare base price indexes (  and  *  ) and   -based on the CPI (  and *  ) move together, mostly driven by the entry of new producers. New domestic and FDI firms are relatively less efficient than existing firms, and accordingly charge relatively higher prices.
Hence, the price index in Home jumps triggering a reduction of both   and    i.e. an appreciation for Home. The average terms of trade (   ) respond to the entry of relatively inefficient Home producers and increase on impact, as well as the Non-Traded to Traded price ratio (   ) that is mostly affected by the entry of Foreign MNFs in Home.
Finally, the sixth graph of Figure 5 depicts the dynamics of the average productivity in the Home economy. The exogenous productivity shock has positive repercussions for the average productivity of domestic producers as long as the average productivity of FDI entrants in Home is higher than the average productivity of the firms established in the Home economyprior to the productivity shock.
In the long run, the shock has no long-lasting effects. However, the transitional path is deeply affected by the dynamics of the labor market, in particular the adjustment of wages to post-impact entry. The increase in Home wages is larger than the productivity shock and this worsens the Terms of Labor. Hence, despite the immediate entry of a large number of firms, some of these firms soon start exiting because of the labor costs. This is particularly evident looking at the plot for the number of exporters and domestic firms, and Foreign MNFs in Home. The average productivity levels by types of business, average prices and relative rations (     and    ) all move, accordingly bringing the system back to the steady state equilibrium.
A permanent aggregate productivity increase in Home (Figure 6 ). In this case, there is a permanent productivity shock which is common to all firms in the economy (  increases by one percent permanently) and the Home market becomes a relatively more attractive business environment.
The impact on the system of such a shock is similar to the transitory shock case, although here the adjustment and long term effects are substantially different as the economy now moves to a new steady state where productivity is permanently higher. In the long run, Home enjoys higher consumption and income, while Foreign suffers from a short-term drop of  * , necessary to finance the new exporters, followed by a recovery and an adjustment to a higher level. The transmission of the positive shock from Home to Foreign occurs through higher Foreign export sales, revenues and profits on top of the higher repatriation of profits of Foreign MNFs, all of which accrue to  * . The dynamics of entry and exit of firms is substantially conditioned by the labor market dynamics. a symmetric joint reduction of   and  *    and  *     and   (Figure 7, 8 and 9 ). A symmetric reduction of the fixed cost of exporting induces initial entry into the export market for about 2 or 3 years. Because of higher expected profits from exporting, the number of domestic firms increases, which affects the dynamic of wages inducing some wage growth, that puts cost pressure on exporters inducing some exit. Output and consumption also grow in the long run and this attracts new foreign MNFs later discouraged by higher wages so the initial entry reverts to some exit, alleviating the wage pressure and increasing the average productivity of remaining firms over time.
A symmetric reduction of the fixed cost of FDI induces initial entry into the Home market, so that output and consumption increase on impact, along with wages. The dynamics of the labor market induce domestic firms to exit, a phenomenon that reduces wage growth as well as consumption and output growth. In the long run, the number of Foreign MNFs in Home is higher, but the dynamics of domestic production imply lower consumption and income growth. In this context and under this under parametrization, entry of MNFs had detrimental effects on both economies.
Properties of the theoretical economy
In this section I examine the second moment properties of the model, in order to discuss the relevance of FDI for business cycle dynamics. I look at the dynamics of the model once it is affected solely by exogenous productivity shocks (   *  ) that are common across firms within a country, hence aggregate. The model is simulated for the case of incomplete asset markets as I want to compare this theoretical economy with the relevant literature, in particular with Backus, Kehoe and Kydland (1992, BKK92 henceforth) and GM05. I assume the data generating process originally proposed by BKK92 and used in GM05, with the following stochastic structure:
shock the Linear Rational Expectations solution of the system with these technological innovations, compute the log-deviations form the steady state, HP-filter (smoothing parameter 1600), iterate and finally calculate the second moments of the endogenous variables. The results reported in the next three tables can be interpreted as percentage terms of the steady state level of each of the variables they refer to, and measured as a ratio of the second moment of output. Table 4 reports second moments of the main aggregate variables for the US economy from BKK92, and generated moments from GM05, Contessi (2006) , and the model with both export and FDI developed in this paper. The moments are reported both as percentages of the steady state level of the relevant variable and as ratios of the standard deviation of output.
In most of the tables I report moments of the variables as derived in the previous papers and of the variables deflated using the transformation discussed in Feenstra (1994), and Broda and
Weinstein (2006) However, the model with export and FDI is able to generate an extremely high volatility of the Real Exchange Rate, both measures using welfare based price indexes and CPI, and this constitutes a definite success compared to standard models of business cycle and even compared to GM05. Once computed using CPI-like price indexes the volatility of the RER is very close to the figures reported in CKM03 for US data. Table 5 , reports autocorrelation of the models with trade only and with both trade and FDI.
The extended model generates autocorrelations that are somewhat higher than the one in the data and in the GM05
Cross-and within-country correlations in Table 6 are noteworthy. Besides maintaining positive cross-country consumption and output correlations, the model with both export and FDI is able to replicate the ranking of their contemporaneous correlations, that emerges from the data but that traditional international business cycle models cannot account for, a problem from which the GM05 model is not exempt. Introducing horizontal FDI under Financial Autarky allows me to generate a cross-country correlation of consumption that is slightly higher than 50% of the cross country correlation of output between the two countries. Moreover, the model generates a negative correlation between the relative consumption ratio and the RER, both in their theoretical (   *     ) and their deflated (   *     ) definition. The latter emerges in the GM05 simulation as well, but not in the model with only FDI and has a magnitude that is fairly close to BKK02.
The model however generates too high correlations between investment and saving rates (1 −      e     ) as well as a somewhat too persistent RER.
Conclusions
Drawing from microeconomic studies that establish a relationship between firm level heterogeneity 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
New entrants to producers ratio
Home firms as a share of Home producers
Home firms as a share of firms selling in Home
Importers as a share of firms selling in Home
Foreign affiliates a share of firms selling in Home
Local firms as a share of Home firms 
where   is the wage rate,   () represents labor use and   () is the level of output. The first order conditions imply that optimal prices and real profits are 
Export Production (X). Exporters maximize the following objective function
. Using the definition of RER  =    *    and the real wage, and dividing by the price index of the market of destination, I can derive
 , and the optimal profits, in terms of the consumption price index at the location of the firm, equal to   () = 
Cut-off points   and   are determined as a zero-net-profit condition for the firm that makes exactly enough operating profit to cover the fixed cost of entry into the export segment and the FDI mode.
Marginal FDI firm. For the FDI business,   :
Using the cut-off point for FDI firms, I can determine average profits of the FDI segment e   using the definition of e   ,
Marginal exporter. The marginal exporter has a productivity level such that her profits are zero. Hence,   such that   () = 0 ⇐⇒
Using the cut-off point for FDI firms, I can plug   and   into e   and derive e   . The average productivity of exporters is then derived from 
B Real Exchange Rate
The welfare based price indexes (  and  *  ) can be used to define the welfare-based RER   and its CPI-based transformation   that discounts the variety effect and is conceptually closer to the way official statistics report the RER. Here, one has to pay attention to the fact that the way I aggregate prices into the price index is derived from theory and does not correspond directly to the price indexes available from official statistics. Following GM (2005), I also construct a CPI-based RER   , using the transformation suggested by Feenstra (1994) and Broda and Weinstein (2006) . 
Now, combining the definition of total profits
e ´, aggregate accounting (  =    +   e   +  e   +   e   −   e   ) and the free entry condition (e   =       )  some algebra leads to the labor market equilibrium:
D International Trade in Bonds
The version of the model allowing for international trade in bonds is a customary term of comparison for two-country economies, although the framework is still one of markets incompleteness. I extend the model to the case in which the representative household can trade Home and Foreign risk-free bonds (  and   ) subject to portfolio adjustment costs that are rebated to consumers. Thus, the budget constraint of Home becomes:
